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Introduction
During the last few years many investigations have been carried out with the object of determining the fine structure of the red Balmer line of Hydrogen, Ha, and its corresponding analogue, Da, in the heavier isotope Deuterium. I t is only in these cases th at the positions and relative in tensities of the components can be accurately calculated in terms of the fundamental constants e, h, c, etc. The results are thus o importance as affording a direct check on the fundamental basis of the quantum theory.
When account is taken of the effects of electron spin and the relativity variation of mass with velocity, the wave mechanical equations of Dirac give a result for the structure and intensity ratios identical with th a t given by the " Sommerfeld formula " which was an earlier attem pt to make allow ance for the relativity effect.
The term scheme and the distribution of the components of H a (and Da) are shown in figure 1. The numbers in brackets are the calculated intensities and the component separations are given in units of 0*001 cm.-1. Following R. C. Williams (1938) , the components have been assigned numbers 1, 2, 3, etc. in order of their relative intensities. Because of their Doppler widths, components 1 and 4 are not resolved but appear as a single line, often termed A the main line, and this is designated by us as 14. Similarly 3 is not clearly separated from 2 which together form the second line of the apparent doublet. Component 2 is supposed to consist of two lines ending on the 2 2Sj and 2 2P^ levels with relative intensities 1: 2*4, while the constituents of 3, ending on the same levels, have a ratio 1:10*4 as shown in the figure. A necessary consequence of the wave mechanical solution of this problem is th at the double levels shown in the diagram should be coincident.
Unfortunately, the measure of agreement between the results of different experimenters has been by no means good, the discrepancies being more [ 164 ] pronounced in the more recent investigations. According to several American observers, the separation of the main doublet is appreciably less than th a t expected on theoretical grounds, while the separation of the third com ponent from the second is very considerably more. In addition, the intensity ratios between the lines bear little relationship to the theoretical values, the second line instead of being less is equal to or even greater than the so-called main component.
F ig u r e 1
Hey den (1937) in an exhaustive investigation of Da has concluded th at the separations of the components are in close agreement with the theoretical values and for the first time obtains intensity ratios in accordance with theory. She further concludes from the extra width and lack of symmetry of the main line that it is a blend of two components but that the experi mental accuracy does not warrant any attem pt to fix the separation position or intensity of the fourth component.
More recently R. C. Williams (1938) , in a further study of the fine struc tures of Ha and Da, is critical of the results of Heyden on account of the very large grain of her plates. This criticism seems to some extent to be justified since the actual oscillations in the microphotometer record, presumably due to grain effect or dust, have an amplitude equal to a large fraction of the intensity of the third component. He confirms the earlier results of R. C. Williams and Gibbs (1934) and of Spedding, Shane and Grace (1935) ; th a t the separation of the main components is considerably less than the theo retical value, while he finds the separation of the second and third com ponents to be very much greater. Pasternack (1938) , in an attem pt at explaining the discrepancy, refers to as yet unpublished results by Houston and Robinson which support the conclusions of R. C. Williams. This uncertainty with regard to the structure of Ha and Da has caused Bearden (1938) to question the validity of spectroscopic methods of deter mining the ratio e/m. Dunnington (1937) pointed out th a t a discrepancy still existed between the weighted mean of the spectroscopic determinations and the results obtained by free electron methods. By including the high value determination of Bearden which employs refraction of X-rays among the spectroscopic methods and a new low valued result by the crossed fields method (Shaw 1938) , Birge (1938) concludes th at the difference has shrunk to an amount equal to the average deviation to be expected from the assigned probable errors. Bearden (1939) , however, objects to the classifica tion of his work into the spectroscopic class and maintains th a t ' ' the situa tion is found to be just as serious as th a t which led Birge in 1929 to retain two values of e/m " .
The accepted value of the Rydberg constant for hydrogen rests solely on the work of Houston (1927). He measured the air wave-lengths of H a and H^, using as his standard the value 5015-675 A as the air wave-length of the helium line. His vacuum wave numbers, calculated on the basis of the Meggers and Peters (1918) formula, for the refractive index of " norm al" air are 0-0098 cm.-1 and 0-0638 cm.-1 higher than the values obtained from the much more accurate formula of Kosters and Lampe (1934) . (Due to an arithmetical error, the wave number quoted for H^ is 0-0423 cm.-1 higher than th at given by the Meggers and Peters formula. Actually the difference in the wave numbers obtained with the two formulae is 0-009j near H a and 0-0184 near H#.) The value of Rn deduced from the measurement of Ha has to be reduced by 0-0706 cm.-1, which is nearly five times as great as the ±0-015 cm.-1 limit given for this line. As pointed out by Houston, a further uncertainty exists since the standard of comparison is a helium wave-length in air and not the red cadmium spectroscopic standard.
Hitherto, all the precision measurements of these quantities have been made by means of the Fabry-Perot interferometer which was the only method available th a t would yield the desired accuracy. I t is highly desirable th a t other methods should also be used wherever possible. During the last few years, one of us (W. E. W. 1933 ) found a method of constructing reflexion echelons and by adding reference mirrors devised a new way of measuring wave-numbers. Since the echelon could be placed in vacuum, all difficulties in connexion with the refractive index and dispersion of air are eliminated. Furthermore, it will be seen th a t since the echelon plates are individually made, any small errors in the construction of the plates will have a random distribution while with the Fabry-Perot interferometer, owing to the multiple reflexion principle involved, the effect of any small error in a plate is strictly cumulative.
If the various components of H a and Da were actually clearly separated, it would only be necessary to have an instrument of sufficiently high resolving power to get accurate values of the wave-length and separation. Any increase in the resolving power of the instrument beyond this point would not materially contribute to any higher accuracy. Since in practice the com ponents are often blended together due to their Doppler widths, the resultant composite curve has to be obtained with the greatest accuracy possible in order th at the subsequent analysis of this curve can be correctly made. The maximum plate thickness (in the case of the echelon) or plate separation (for the Fabry-Perot) that may be used is about 7 mm.; any larger values would lead to complications due to the overlapping of orders. In the region of H a a heavily silvered Fabry-Perot interferometer should have theoretic ally the same resolving power as a 35 plate reflexion echelon of the same thickness. In practice, owing to the cumulative effect referred to, the resolving power is appreciably less. The 40 plate reflexion echelon used in this investigation is therefore considerably better than the interferometer of similar gap and this is the reason why it has been possible to obtain data on the position and intensity of the fourth component for the first time.
Light sources (a) Atomic beam experiments
The ideal method of reducing the Doppler width of the lines would be to excite an atomic beam of the gas, placing the collimator of the spectrograph perpendicular to the direction of the beam. The method has been successfully used for examining the resonance lines and to a less extent for other lines of elements th at can be easily condensed.
A preliminary trial showed that a tube containing hydrogen at a pressure of 10~3-10-4 mm. could be successfully excited by a powerful 3 m. short wave oscillator, and calculations indicated th at it should be possible to obtain an atomic beam at this order of pressure if the fastest available mercury diffusion pumps were employed. We were, however, unable to excite such a beam, either with the oscillator or by heavy electronic bom bardment. A visible beam could only be obtained at a much higher pressure using multiple slits in place of the single ones normally employed. Under these conditions, the beam was only slightly brighter than the remainder of the chamber so that the background intensity had too high a proportion for the method to be practical in our case. I t is possible th at diffusion pumps using a type of oil not attacked by nascent hydrogen would reduce the background to the necessary low level.
(6) Discharge tube experiments
Using a Wood type long discharge tube of thin Pyrex wall 1 cm. internal diameter, the intensities of the two main components were approximately equal, irrespective of the rate of flow of damp hydrogen through the tube and apparently independent of the pressure in the tube. The same results were obtained when the inside wall was coated with metaphosphoric acid, the only difference being th at the " black stage" , showing practically no molecular spectrum, was much more quickly arrived at. In both cases considerable trouble was caused by the accumulation of ice on the inner wall of the portion submerged in liquid air.
Following the observations of Hey den (1937), who obtained the theoretical intensity ratio of 0-8 for these components by using a small proportion of hydrogen in helium, we investigated the conditions necessary for this result. As all the helium obtainable in this country already contains too high a proportion, it was necessary to eliminate this hydrogen so th at definite known proportions could be added. This was done by adding to the discharge tube a palladium tube, which, when electrically heated for 2 or 3 hours, effectively cleared all traces of hydrogen from the helium and known amounts of pure hydrogen could be added as desired. In experiments with deuterium, a second discharge tube was prepared; after removing the hydrogen from the helium, pure deuterium was obtained by electrolysis of practically pure deuterium oxide, to which a small amount of NaOD had been added. The gas was freed from oxygen and water vapour by passing it through an electrically heated palladium tube fitted as an internal seal in the pyrex tubing. After repeated flushing with deuterium and cleaning out by means of the first palladium tube, while a heavy current was maintained in the discharge tube, no trace of the lighter isotope could be detected in the discharge. After about 6-10 hours with the discharge running, photometric tests showed hydrogen amounting to 2 or 2*5 % of the deuterium (the latter in turn being only 2-4 % of the gas in the discharge tube). As it was found impossible to eliminate this impurity which seemed to be gradually liberated by the electrodes or the glass (or both), the tube was frequently cleaned out and only those exposures were used which the photometric test taken sub sequently showed that the hydrogen did not exceed 2 % of the deuterium.
The tubes were excited by direct current through a ballast resistance from a 1500 or a 1750 V source with a current of between 5 and 7 mA and with an average potential fall of the order of 10 V/cm. In order to avoid the concentration of hydrogen (or deuterium) at one electrode, it was necessary to reverse the direction of the current several times during the exposure. The exposure times varied between 30 and 60 min. for the Ilford hyper sensitive (backed) panchromatic plates, used in conjunction with a fine grain developer.
Spectroscopic equipment and methods
The interferometer used was a 40 plate reflexion echelon which has been described by one of us (W. E. W. 1933 ). The thickness of each plate is 6*88 mm., so that according to Rayleigh's criterion it should be capable of resolving two monochromatic lines (of equal intensity) whose wave numbers differ by 0-018 cm.-1. In practice, we find that two violet components from a water-cooled mercury arc with a separation of 0-023 cm.-1 are clearly separated; hence we can conclude that at least for the visible region the resolving power of the instrument cannot be far short of its theoretical value. The wave-number range between successive orders of interference is 0-727 cm.-1, which is a convenient value for observing the hydrogen " doublet" with a separation according to the Sommerfeld formula of 0-332 cm.-1. A Hilger E l spectrograph with a glass train served as the auxiliary instrument, its dispersion being perpendicular to that of the echelon. With a fairly narrow E 1 slit, the hydrogen and deuterium fines could be separated and the photometric comparison to find the amount of H mixed with D was carried out in this way. A wide E 1 slit (about £ mm.) had to be used with the echelon to minimize grain effect when the plates were microphotometered.
The echelon is equipped with two plane mirrors; the images of the colli mator slit in these mirrors serve to provide fiduciary marks for wave length measurement and to determine the change in magnification of the optical system with wave-length since the achromatism is only partial. Figure 3 , plate 6 gives a complete trace of Da showing the reference mirror images. As the instrument is used in an evacuated case, the wave numbers are found directly without the necessity of correcting for the refractive index of air. No correction need be applied for the variation of the phase change at reflexion with wave-length, since the phase change, whatever its value, will be the same at each step. Contrary to the case of the Fabry-Perot inter ferometer, the dispersion of the echelon is uniform over its range to well within the accuracy of measurement and the calculation of wave-length or interval is merely a m atter of simple proportion.
On the other hand, the precise form of each element of the echelon, each step being 1 mm. wide, causes the intensities and possibly the forms of the components to be seriously altered. This distortion can be expressed in terms of the intensity envelope defined b y :
s being the echelon step width, A the wave-length and a and j3 the angles of incidence and reflexion for the reflecting surface of the echelon step. I t is because of this diffraction effect at each step th at the whole of the available light is concentrated into one or two orders of interference. As a result, the centres of gravity of broad spectral lines are displaced towards the centre of the envelope. In order to obtain true values of the intensities a correction was applied in the following way. On each plate, in addition to the simultaneous ex posures of the red cadmium and H a (or Da), an exposure with a white light source was given together with the " plate characteristic" . When a photo meter trace of this white light pattern was taken at a position corresponding to the wave-length of H a, the position of the maximum could be accurately located with respect to the fiduciary lines from the echelon mirrors. From a knowledge of the " order distance " for the red cadmium line and the varia tion in the magnification of the auxiliary spectrograph (given by the ratio of the mirror image distances for Cd and H a) the order distance for H a could be calculated, since the angle between successive orders is proportional to the wave-length. Hence, for a point at any given distance d from the centre of intensity, the appropriate X d value is X d = 7rd/(interorder distance), and the true intensity corresponding to th at point is the observed intensity multiplied by A |/sin2 X d. A test with the white light curve showed th a t the shape of the intensity envelope corresponded with the value to within the limits of accuracy of the photometric measurements.
The magnitude of this effect can be seen from figure 2 which is derived from the results of an actual plate of H a (F73 B shown as figure 4 on plate 6).
The lower curves A , B are the actual intensity readings observed, plotted against distance along the plate. Using the notation of figure 1, and correspond to the main line of the doublet (a blend of components 1 and 4) while component 2 is in single order position almost central with respect to C the centre of the intensity envelope. The correction required for 2 is very small but becomes large for B ' and especially so for A ', where the displace ment of the centre of gravity of the curve very considerable. We should have some doubts regarding the accuracy of the corrected curve for points well away from C were it not for the fact th at the wave number of 14 determined from A agrees with th at from B within 0*001-0*002 cm.-1.
F ig u r e 2
Actually the small difference in intensity between A and B (which should be equal) enables us to obtain the magnitude of the fraction of the light scattered at the various optical surfaces (of the order of 5 %) and which is not subject to the intensity envelope law. This information will be seen to be very valuable when we come to consider the intensity measurements.
As a final check on the accuracy of the corrections curve a series of wave-A length measurements of the main 14 line was made, in which the position of this line was moved across the intensity envelope, by admitting successive small amounts of dry air into the echelon chamber. Since the refractive index of normal air for A6438 A is approximately 1*000276, a pressure of 131 mm. changes the order of interference (approximately 21000) by unity. From the formula of Kosters and Lampe (1934) /^Ha -//6438 = 0*144 x 10-6, hence the differential change of order between the two wave-lengths due to dispersion is 0*0005 for an order change of unity (or a pressure change of 131 mm.). This change is too small to be detected. Table 1 given below shows the variations in the measured wave number of 14 for Ha as its position is changed from double to single order position. No systematic variation of the wave number value with position in the intensity envelope is found.
The envelope effect is, however, extremely valuable in another respect. The third component, blended with the second in Ha and only just resolvable in Da, can be so placed with reference to the centre of intensity th at it can in effect be magnified by causing a reduction of intensity of neighbouring strong components. An example of this exaggeration is seen in figure 6 , plate 7, where the third component in Da can be clearly observed.
Photometry and reduction of the plates
The plate characteristic was obtained from an Ilford optical wedge placed in contact with the E 1 slit. The wedge was independently calibrated on three occasions, its graduation determined and its linearity checked except for high and low densities where the measurements were difficult. All exposures were made on Ilford hypersensitive (backed) plates and a fine grain developer was used. During development, the plate was continuously agitated in order to minimize the Eberhard effect. The exposure times were between 30 and 60 min., depending on the concentration of H or D and on the position of the components in the intensity envelope.
The microphotometer used was an adaptation of one built in the W heat stone Laboratory to the designs of Dr W. H. J. Childs. A common shaft drives the bromide paper carriage and also moves the photographic plate. In order to vary the magnification, the plate is not moved directly by its micrometer screw; the nut displaces a geometrically supported carriage on which is mounted a variable angle wedge. The plate holder bears perpen dicularly against this wedge and moves a small amount as the wedge is displaced. In order to obtain sufficient magnification for these experiments, the adjustable wedge was replaced by a solid steel wedge which was optically ground and polished flat to two wave-lengths of green light by Messrs Hilger.
Tests of the linearity of the movement of the paper carriage and the wedge carriage against the rotation of the common shaft along the whole range showed no measurable deviation.
A further test was the determination of the fractional part of the order of interference for the red cadmium line for three plates, both by the usual photomeasuring micrometer and by means of the photometer trace. Typical results are given in table 2 below. Table 2 F ra c tio n a l o rd er o f in terferen ce A6438 A P la te no.
M icrom eter P h o to m e te r tra c e F 73 (B) 0-456 0-456
Clearly the error in determining the fractional part for the standard line is within one-thousandth part of one order. The reproducibility of the micro photometer was checked by making a number of traces of a graticule in both directions. The two traces on each sheet of bromide paper were identical but displaced relative to each other by about 1 mm. due to backlash.
The size of the order distance as imaged on the thermopile slit was 15 mm. The slit width was 0-17 mm.
(1/88 of the interorder distance) so th at very little detail was lost on this account, since the echelon at best could not " resolve" less than l/40th of the order distance.
The method used for obtaining the corrected intensity curve depended on whether wave-length or fine structure was to be determined. In wave length measurements, the position of the " centre of gravity" of the upper A portion of the main 14 fine had to be found, with reference to the midpoint of the reference mirror images which was our (virtual) fiduciary line. (The reasons for neglecting the lower portion of the intensity curve are discussed in § 5 (6), p. 179.) Since the reference images on the trace were approxi mately 25 cm. apartwhile the interorder distance was 11-65 cm., any unequal shrinkage of the bromide paper might cause an appreciable error in the determination of the fractional part. To avoid this, a photometer curve of a previously calibrated graticule was added to each trace and the position of a point determined in terms of its distances to the centre fines of the neighbouring graticule marks. Examples of these graticule mark curves can be seen in plates 6, 7, figures 4-7. The points of intersection of the H a (or Da) curve and various intensity levels obtained from the characteristic curve were transferred with a drawing-board and set-square on to smooth drawing paper. The distance from any such point to the centre of the intensity envelope (only approximately at the midpoint of the reference images) was measured and expressed in terms of the order distance. The appropriate factor by which the observed intensity had to be multiplied was then found from a large scale graph of the function X 2/sin2X against fractional order and the ordinate at this point given this corrected value. With a sufficient number of such points the actual intensity curve is esta blished; the central line, given by bisecting different levels of the portion between 0-4 and 0-9 of the maximum, was taken as the " centre of gravity " of the line. The extreme peak portion was neglected as neither position nor intensity could be accurately determined in this case. No allowance need be made for the displacement of the point of maximum intensity from the centre of gravity of the unresolved blend in a case of this kind. This central line was then measured with respect to the centre lines of the neighbouring graticule marks.
A test of the reproducibility of the results was made by determining the fractional parts from four separate microphotometer traces of the same exposure of Ha. The values were 0-2814, 0-2854, 0-2848, 0-2814, giving a root mean square error value of 0*0018.
In the measurement of fine structures, the largest peak separation in volved is only about a quarter of the distance between the mirror images; over this distance it could be safely assumed th at the shrinkage of the bromide paper would be sufficiently uniform. The distances of the points of intersection of the observed curve and the various intensity levels given by the characteristic curve were measured from the centre of the intensity envelope. By using a transparent scale and a magnifying glass, the values could generally be obtained to within 0T mm. These were then transferred (after correction for envelope effect) to large sheets of graph paper on a ten times larger scale so th at 1 cm. on the graph corresponded to 6-24 x 10-3 cm.-1, the interorder distance being 116-5 cm. on these graphs. The ordinates were chosen (approximately 20-25 cm. for the strongest component) so th at the maximum slope of the curve should be about 45°. Further details are given in §5(6) where the fine structure results are discussed.
R esults (a) Wave-length measurements, Rydberg constant and the ratio e/m
The standard used for comparison was the value* 6440-2498 A as the * Since th e d a ta in th is p a p e r w ere w orked o u t, th e re su lts o f B a rrell a n d S ears (1939) h av e becom e av ailab le. T hese change th is v alu e from 6440-2498 to 6440-2491 A a n d values of th e im p o rta n t final q u a n titie s a d ju s te d to th is h av e b een in se rte d in th is p ap e r. vacuum wave-length corresponding to the accepted value of 6438*4696 A for the wave-length of the red cadmium line in " norm al" air. Sears and Barrell's (1934) value for the index of " normal " air for this wave-length has beeif used for the conversion; the results would be substantially the same if the formulae of Perard (1934) or Kosters and Lampe (1934) were used. If another value* of the vacuum wave-length of red cadmium should be standardized, the wave number values given in this paper will all have to be scaled accordingly. The actual source employed, a G.E.C. Cadmium " O sira" lamp, had been compared with a hollow cathode discharge by Williams and Gogate (1938) to a high degree of precision, using a FabryPerot interferometer with a path difference of 20 cm. No detectable differ ence in wave-length was observed. Table 3 shows the effect of varying the total pressure in the discharge tube containing 3-4 % hydrogen in helium and a current of 7 mA, liquid aircooling. The third column gives the ratio between the two components of the " apparent doublet " . When the total pressure is below 1 mm., the relative increase in the intensity of the higher frequency line (a blend of components 2 and 3) is accompanied by an increase of the frequency and the half width of the main line.
A further experiment was carried out in which the total pressure was kept sensibly constant while the partial pressure of hydrogen was varied by means of the palladium tube; with a total pressure of 1*3 mm., a current of 7 mA and liquid air cooling, the results are given in table 4 below. The lower hydrogen percentages were obtained indirectly from the relative intensities of the red lines of helium and hydrogen and are only approximate. At too high a partial pressure of hydrogen, the " centre of gravity" of the main line moves to the red. I t will be noticed th a t its dis placement is in the same direction as th a t in table 3 whereas the change in the intensity ratio in table 4 is in the opposite direction to th at given by table 3.
Taken together, these tables show th at even the hydrogen-in-helium type of discharge gives the theoretical intensity ratio over a limited range of operating conditions only. The shifts of the main line, especially when due to low pressure, seem large enough to account in some measure for the differences between the results of various observers. Table 5 gives the collected results for wave number of the " centre of 
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Average value 15233*0654 cm. Approximately half of the above results are determinations on two orders. The fractional part for the cadmium line for each exposure was determined independently by two observers and involved 48 readings. Proc. Boy. F ig u r e 6. T he effect of th e th ird co m p o n en t in D a h as b een a p p a re n tly in creased b y alterin g th e p ressure in th e echelon ch am b er. T his cu rv e w hen c o rrec ted for th e envelope effect gives a n alm o st id e n tic al cu rv e w ith th e c o rrec ted cu rv e for figure 7. The corresponding results for Da are given in table 6. I t was a m atter of some difficulty to arrange th a t both Da and the cadmium standard (which were simultaneously exposed) received the optimum exposure. The ex posures in which the cadmium standard was in single order position were somewhat over-exposed, and to avoid any risk of error due to this cause, these were not used for wave number determinations. * H o u sto n m ad e a correction of 0-0056 for th e disp lacem en t of th e observed line from com ponent 1. R . C. W illiam s a n d G ibbs (1934) p o in t o u t th a t it sh o u ld be 0-0063 c m .-1; th is is th e displacem ent of th e cen tre of g ra v ity o f th e th ree co m p o n en ts no. 1, 4 an d 5 from th e position of no. 1. I f one determ in es th e " cen tre of g r a v ity " from observ atio n of th e u p p er p a r t of th e curve, th e fifth co m p o n en t will h av e a negligible effect. I f D oppler curves of h alf-w id th 0-135 cm .-1 a n d in ten sities 0-2, 1 a n d 9, w ith respective separations of 0-108 a n d 0*036 cm .-1, are g rap h ed on a sufficiently large scale, it is easy to verify th a t th e ce n tral line of th e u p p er p a r t of th e re su lta n t com plex is v ery closely 0-0036 cm .-1 from th e cen tre of th e stro n g est co m p onent.
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Combining these results with the values of Bainbridge given by Living stone and Bethe (1937) for the masses of the hydrogen and deuterium atoms, we obtain the mass of the electron from the formula given by R. C. Williams, I t seems to be a pure coincidence th at the value of the ratio e/m (1-7591 + 0-0004 x 10-7) given above happens to be exactly equal to the most probable value recommended by Birge (1938) to show th a t no real difference of measurable amount can exist between the value of the ratio, whether it is determined by a free or a bound electron method.
(6) The fine structure of H a and Da After making allowance for the scattered light as shown on p. 170, large sized graphs, drawn to a frequency scale of 1 cm. = 6-24 x 10-3 cm.-1, were obtained as follows. The point of greatest intensity on the trace was given the arbitrary value 10, so th a t after correction for the envelope effect the maximum value would lie between 10 and 15 units. W ith 2 cm. as the unit, A so th a t the maximum ordinate of the 14 line varied between 20 and 30 cm., the greatest slope of the curve was approximately 45°. The fluctuations of the individual readings from a smooth curve depended on the magnitude of the envelope factor th a t had to be applied; for a line or component in single order position, the deviation rarely amounted to more than 1-2 mm., increasing to 4-7 mm. for the outer wings of a line in double order position. Between 50 and 80 individual readings completed a curve. W ith graphs on this scale, all errors in plotting are eliminated and the magnitude of any departure from a Doppler curve being fitted to it can be seen with ease. Tables were drawn of the co-ordinates of probability curves of various ordinates and half widths and the plotted curves cut out from similar graph paper. The case of Da, as the easier problem, was first examined. Table 7 gives a summary of the analysis of six plates of Da. The second column shows the component that is nearest to the centre of intensity of the envelope; when two are indicated, the centre is nearer the component with 14 to 2 in one order and 2 to 14 in the next order. Errors due to incorrect deter mination of the envelope effect would cause differences in opposite directions between these results so that the discrepancy would be doubled. The actual intensities are given in the fifth column and are expressed as ratios in the sixth, in terms of the component 2 which is taken at its theoretical value of 7-08. The next column gives the observed half-widths of the second and third components; the contribution of the instrumental half-width of about 0*036 cm.-1 and the microphotometer half-width (0*020 cm.-1) are included in these values. The separation 2-3 for F 103 A is omitted because of the large envelope factor to the readings for component 2 in this case. This makes the value uncertain, in comparison with the results of other plates. Similarly for most A of the other plates, 14 is in double order involving large factors for the outer 12-2 wings so th a t the half-width of this line is also omitted. The differences in the results from plate to plate are real in the sense th a t they do not arise either from errors in measuring the traces or in fitting the Doppler curves. Several of the traces have been re-measured at different times and new curves fitted to the graphs. The differences, except for the separation of 2-3 in F I 01D (the extreme values are given in the table), have been negligibly small. In general, the resultant of the Doppler curves fitted would coincide with the graph, between intensity values 1 and 9, to within about 2 mm. Two exceptions to this occurred; in F 101E a peculiar indentation on the upper A p art of the high frequency side of 14 left a gap of about 5 mm. from the Doppler curve th a t fitted it at lower levels. This must either be due to a defect in the plate or to a local disturbance of the galvanometer when the recording was made. In F 101D the low intensity portion (below 1) of the high frequency side of 2 could not be fitted to a Doppler curve; two alter natives are possible, the third component could be found by simply reversing the high frequency side of 2 or by using the Doppler curve th at best fitted the greater part of the curve. The choice made no difference in the value of A the 14-2 separation, but the value of the 2-3 separation is affected as shown in the table. In neither case was the third component symmetrical.
I t is sometimes difficult to get an accurate value for the fraction scattered when the double order components differ widely in intensity on the trace and also when the intensities are nearly equal. The straightforward analysis of F 101E led to a scattered intensity of 0-25 and a " coherent " background of 1. A total background of 1-25 could not be avoided in this fairly heavily exposed plate, but the relative proportion of the " coherent" fight seemed high. An analysis was made, based on the other extreme th at the scattered intensity was 1, in which case the " coherent" fraction becomes approxi mately 0-3. The only material difference is th at the 2-3 separation is increased by 0*006 cm.-1 in the second case.
A F 103 A, plate 7, figure 7 is probably the most interesting; the main fine 14 is practically in exact single order position and the intensity readings for the contour should have the maximum accuracy. A decidedly better fit is obtained by using two Doppler curves (each of half-width 0-094 cm.-1 and intensity ratio 9:1) than when a slightly wider single Doppler curve is chosen. The separation of the components 1 and 4 is 0-044 cm.-1 as compared with the theoretical value of 0-036 cm.-1. Considering the closeness of the com ponents and the disparity in their intensities, the agreement is as good as could be expected. The half-width value for 2 was found to be 0-090 cm.-1, but as it is only approximate (due to the large factor for 2) it has been omitted from the table.
A
In obtaining the average values, both results for the 2-14 separation in F 101 E have been included; since the third component is not symmetrical in F 101 D and F 103 E, the 2-3 separations (average value for F 101 D) have only been given half the weight of the other values. Table 8 gives the corresponding results of the analysis of four plates of H a. Owing to the greater half-width of the components, with a substantial A overlap of both 2 and 14 in the region of the third component, the analysis is much more laborious and necessarily less accurate.
Discussion of the fine structure results
The first point of interest is th at in addition to the scattered light, which in some degree is inevitable with all optical instruments, there is also an appreciable proportion of coherent light. Since it is greater with hydrogen than deuterium, the probability is th at it is due to molecular lines which lie in the spectrum region corresponding to the width of the E 1 slit. I t may be th a t in a dry hydrogen-helium mixture the molecular spectrum has a greater relative intensity than in a damp hydrogen discharge. Since the theoretical intensity ratio between the main components cannot be obtained with the latter type of discharge, it is manifestly incorrect and unfair to use it to test the theory, especially since the components of greatest interest are in completely resolved. The greatest discrepancies occur in the measurement of the 2-3 separation. For Da, in place of the theoretical value of 0-108 cm.-1 we obtain a fairly constant value of 0-119 cm.-1 which compares with 0-130 cm.-1 found by R. C. Williams. Pasternack (1938) has pointed out th at the assumption of a perturbation of 0-030 cm.-1 of the 2 2Sj level would account for both results of R. C. Williams. Since component 2 is the sum of two lines of relative intensity 1 and 2-4 ending on the 2 2Sj and 2 2Pj respectively (see figure 1) , the centre of gravity of the composite line should be displaced by about 0-010 cm. to the red, so th at the 2-14 separation is reduced by this amount. Com ponent 3, consisting of a doublet of lines ending on the same levels with an intensity ratio of 10-4 to 1, will have its centre displaced approximately three times as much in the same direction, so th a t the 2-3 separation is increased. Frohlich, Heitler and Kahn (1939) have recently calculated the deviation from a Coulomb law of force for the proton according to the mesotron theory of nuclear particles, and predict a displacement of the hydrogen 1 S level of the order of 3 cm. and about one-eighth of this for the 2 S level.
Although the results for hydrogen given in Table 8 apparently support this hypothesis, there are certain other factors th at appear to rule out the possibility of this explanation. The first is th at the unsymmetrical third component should have a definitely lower half-width than the second owing to the disparity in intensities of the constituents of the third component. In practice, both for Da and H a, with one exception, the half-width of the third component is always greater than th at of the second. In addition, the intensity of the third component is much too high. The ratio of intensities of the main components 1 and 2 is substantially the theoretical value, hence one would expect the third component in a multiplet to have its theoretical intensity. On the average, our results for the third component in Da show it to have an intensity T3 times its theoretical value, while in the experi ments of R. C. Williams the factor is 2-2.
A probable explanation of a part of the difference, at least in our case, is the difficulty of obtaining a deuterium discharge free from hydrogen. Although a fresh tube was used and the D20 and NaOD were over 99 % pure, the glass walls and electrodes of the discharge tube appeared to be giving off hydrogen continuously. Even after repeated flushing with deuterium over several weeks, it was found impossible to obtain a discharge, which, after running for a few hours, gave a ratio Ha/Da less than 2 % and the ratio steadily increased as the discharge was continued. The tube was therefore regularly cleaned out and refilled with fresh deuterium, the hydrogen impurity being determined after each echelon exposure plate.
With a wave number difference of 4T442 cm. "1 between corresponding components, the interference patterns of the two isotopes will coincide when the path difference 21 = w/4-1442 cm. where n is an inte of 2 tf or n = 4 is 0-9652 cm. and it increases by 0-2413 cm. for each successive coincidence. In our case 2 t =1-3757 cm. which is 0-1692 c n -5. Hence the H a pattern, if present, should be displaced 0-1692/0-2413 or 0-7012 of an order to the long wave side of th at of Da. Since an order here is 0-727 cm.-1, the displacement is 0-5097 cm. In our case, the main component of hydrogen 1H would almost exactly coincide with the third component of deuterium and cause no error in the 2-3 separation. Plate F 104 taken immediately after F103E showed H a/Da -2 %. Hence component 3 should have an increased intensity of T34. The average value is T45. In the experiments of R. C. Williams, the component 2H will tend to increase the 2-3 separation. If the increased intensity of the third component is entirely due to hydrogen impurity, the 2-3 separation for Da will be approximately 0-125 cm.-1 as compared with the observed value of 0-130 cm.-1.
The objections to Pasternack's hypothesis concerning fine width and intensity of the third component are even stronger in the case of Ha. We observe th at in hydrogen, the sum of the coherent and scattered light is always relatively higher than with deuterium. In H a the sum varies from 1-06 to about 1-5, the 2-3 separation being lowest when the total sum is lowest. As previously explained, the amount of scattering cannot always be exactly determined although the sum of the scattered plus the coherent can be fairly accurately assessed. If as a rough approximation we assume the scattered light to be constant, the variations must be due to differences in the relative intensity of the secondary spectrum lines in the region covered by the E 1 slit. The third component has only 1/18th of the total intensity of H a, and the group of secondary lines in this band may well have an intensity of this order since the interference patterns of many lines will overlap more or less completely.
Unless a method of eliminating the secondary spectrum can be found, it will only be possible to obtain more accurate data on the structure of H a by analysing the patterns obtained from a number of etalons (or echelons) of increasing plate thickness. This will not be possible for deuterium unless the hydrogen contamination can be maintained below about 0 5 % and for this purpose the tap grease in the apparatus should be free from the lighter isotope.
We have therefore come to the conclusion th at no real evidence has yet been found to show th at the fine structure patterns of Ha and Da depart substantially from the values calculated on the basis of Dirac's theory.
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[Note added in proof. Since this paper was set up in type, R. T. Birge in a private communication to one of us (W. E. W.) states th at he now considers th at the most probable value of the quantity q defined by the equation
International ampere = q absolute ampere should be changed from 0-99993 to 0-99986 ± 0-00002. This value is derived from some recent work at the Bureau of Standards and ends a conflict of some years between them and the National Physical Laboratory. If this value of qi s adopted, the value of the Faraday constant F (physical scale) is changed from 9651-31 + 0-80 to 9650-6+ 1-0 abs. e.m.u. g.-equiv.-1. This would change the value of several of the constants which are determined in this paper, including e/m from 1-7591 + 0-0004 to 1-7590 + 0-0004 e.m.u. g.-1. Furthermore, Birge considers that the value 9573-48 of e/Mn we have used should be lowered to 9591-4X + l-02. If this value is accepted as well as the
